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Background: Use of antibiotics in selected cases of acute uncomplicated diverticulitis (AUD) has recently been questioned.
Objective: The aim of this study is to examine the safety and efficacy of treatment regimens without antibiotics compared with that
of traditional treatments with antibiotics in selected patients with AUD.
Data sources: PubMed, Medline, Embase, Web of Science, and the Cochrane Library
Methods: A systematic review was performed according to PRISMA and AMSTAR guidelines by searching through Medline,
Embase, Web of Science, and the Cochrane Library for randomized clinical trials (RCTs) published before December 2022. The
outcomes assessed were the rates of readmission, change in strategy, emergency surgery, worsening, and persistent diverticulitis.
Study selection: RCTs on treating AUD without antibiotics published in English before December 2022 were included.
Intervention: Treatments without antibiotics were compared with treatments with antibiotics.
Main outcome measures: The outcomes assessed were the rates of readmission, change in strategy, emergency surgery,
worsening, and persistent diverticulitis.
Results: The search yielded 1163 studies. Four RCTswith 1809 patients were included in the review. Among these patients, 50.1%
were treated conservatively without antibiotics. The meta-analysis showed no significant differences between nonantibiotic and
antibiotic treatment groups with respect to rates of readmission [odds ratio (OR)= 1.39; 95% CI: 0.93–2.06; P= 0.11; I2=0%],
change in strategy (OR=1.03; 95% CI: 0.52–2,02; P=0.94; I2=44%), emergency surgery (OR= 0.43; 95% CI: 0.12–1.53;
P=0.19; I2=0%), worsening (OR=0.91; 95% CI: 0.48–1.73; P=0.78; I2= 0%), and persistent diverticulitis (OR=1.54; 95% CI:
0.63–3.26; P= 0.26; I2= 0%).
Limitations: Heterogeneity and a limited number of RCTs.
Conclusions: Treatment for AUD without antibiotic therapy is safe and effective in selected patients. Further RTCs should confirm
the present findings.
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Introduction

Symptomatic diverticular disease is an extremely common disease
in occidental and industrialized countries in recent times. Its
prevalence has increased in the last few decades due to an
increased number of older individuals in the population.
Approximately 50% of the population aged over 60 years have
colonic diverticula[1]. Although in most cases they are
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• Acute uncomplicated diverticulitis (AUD) is no longer
considered an infectious disease.

• In selected cases, AUD can be treated without
antibiotherapy.

• Treatment without antibiotherapy in selected patients is
safe and feasible.

aColorectal Surgery Unit, General and Digestive Surgery Service, bGeneral and Digestive Surgery Service, Hospital Universitario de La Princesa, Madrid, cGeneral and Digestive
Surgery – Colorectal Unit, Bellvitge University Hospital, Barcelona, Spain and dOspedale Cardarelli, A.O.R.N, HBP Department, Napoli, Campania, Italy

A.C.B. and C.C.S. equally contributed to this study.

Sponsorships or competing interests that may be relevant to content are disclosed at the end of this article.

Published online 10 April 2023

*Corresponding Author. Address: Colorectal Surgery Unit, General and Digestive Surgery Service, Hospital Universitario de La Princesa, c/ Diego de León 62 – 4ª Floor, 28006
Madrid, Spain. Tel.: + 34 639 638 156. E-mail address: carloscerdansantacruz@hotmail.com (C.C. Santacruz).

Received 22 November 2022; Accepted 15 February 2023

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. This is an open access article distributed under the Creative Commons Attribution-ShareAlike
License 4.0, which allows others to remix, tweak, and build upon the work, even for commercial purposes, as long as the author is credited and the new creations are licensed
under the identical terms.

International Journal of Surgery (2023) 109:1412–1419

http://dx.doi.org/10.1097/JS9.0000000000000307

’Systematic Review and/or Meta-analysis

1412

D
ow

nloaded from
 http://journals.lw

w
.com

/international-journal-of-surgery by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4
a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
2+

Y
a6H

515kE
=

 on 09/04/2023

http://Creative Commons Attribution-ShareAlike License 4.0
http://Creative Commons Attribution-ShareAlike License 4.0


asymptomatic, 4–25% of them present an episode of acute
diverticulitis at some point in their lives[2,3].

Among symptomatic patients, 75% present AUD and are
prescribed conservative treatments[4,5]. Until a few years ago,
general recommendations for such patients were hospital
admissions, nil per os, and administration of oral or parenteral
antibiotics.

Although initially considered as an intra-abdominal infection
secondary to a microperforation at any diverticula, for which
antibiotic treatment was mandatory, recently, AUD has been
considered as merely an inflammatory process[6]. Based on this
new physiopathological conception of AUD, Hjern et al.[7] first
reported the safety of a conservative treatment of AUD that did
not involve antibiotic therapy. Recently, the possibility of treating
these patients without antibiotics has experienced a growing
interest and some research has been done, including that in out-
patient regimes and some randomized clinical trials (RCTs)[8–13].
The conclusions of most studies have been similar, agreeing on
the safety of avoiding antibiotics in certain cases of AUD.

Consequently, the latest clinical guidelines on this topic reflect the
recommendation for antibiotic-free treatment in selected cases of
AUD[14–16].

However, despite these recommendations, the implementation
of such treatments in clinical practice is less than desirable. The
unnecessary administration of antibiotics could result in adverse
effects for the patients, risk of resistance, and increased costs.

This systematic review and meta-analysis aims to compare the
safety and effectiveness of conservative treatment without anti-
biotherapy to that of antibiotic treatment for patients with AUD.

Materials and methods

Search strategy

The search was undertaken according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA &
AMSTAR) guidelines[17,18]. Two researchers (A.C.B. and C.C.S.)
systematically searched Medline, Embase, Web of Science, and
the Cochrane Library for reports published before December
2022, not limited to those in English. Specific research equations
were formulated for each database using a combination of the
following predefined keywords and/or MeSH terms: ‘diverticu-
litis,’ ‘diverticular disease,’ ‘antibiotics,’ and ‘antimicrobials.’

Study selection

Studies included in the review were those that met the following
criteria: (a) studies onAUDpatients aged 18 years or over; and (b)
randomized controlled designs comparing treatments of acute
diverticulitis with and without antibiotics. Experimental studies
on animal models, observational studies, reviews, editorials, and
comments were excluded. When duplicate reports from the same
study were identified, those which analyzed long-term outcomes
were excluded[8,9]. The full text of each article included in the
initial review was assessed. The selection process is detailed in the
PRISMA[17]

flow diagram (Fig. 1).

Data collection

Two researchers (A.C.B. and C.C.S.) independently assessed the
abstracts of the selected studies to determine their eligibility. Full
articles were subsequently selected for further assessment. The
therapeutic options included treatments with or without anti-
biotics. The extracted data included the country of study, year of
publication, design, number of participants, age, radiological
severity score, percentage of patients with antibiotic treatment,
percentage of patients without antibiotic treatment, duration of
follow-up in months, rates of mortality, complications during
follow-up, rates of readmission and recurrence, rates of surgical

Figure 1. PRISMA flow diagram. PRISMA, Preferred Reporting Items for
Systematic Reviews and Meta-Analyses; RCT, randomized clinical trial.

Table 1
Articles included in the meta-analysis comparing outcomes.

References Country Type
Number of
centers N Female (%) Mean age

Number without
antibiotics

Number with
antibiotics

Follow-up
(months)

Chabok et al.[10] Sweden and
Iceland

RCT Multicenter 623 64 57 309 314 12

Daniels et al.[11] The Netherlands RCT Multicenter 528 49 57 262 266 6
Jaung et al.[12] New Zealand RCT Multicenter 178 58 58 94 84 1
Mora López et al.[13] Spain RCT Multicenter 480 53 58 242 238 3

RCT, randomized clinical trial.
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Table 2
Intervention, inclusion and exclusion criteria, and outcomes of each RCT.

References Intervention
Outpatient
treatment Inclusion criteria Exclusion criteria Primary outcome Secondary outcomes

Chabok et al.[10] Intravenous fluid only vs. intravenous broad-
spectrum antibiotics for 7 days

No > 18 years
Acute lower abdominal pain with tenderness
Body temperature ≥ 38°C at admission or

during the last 12 h before admission
Raised WBC and C-reactive protein level

Diverticulitis on CT
Informed consent

Complicated diverticulitis on CT with abscess,
fistula, or free air

Active immunosuppressive therapy
Pregnancy

Ongoing antibiotic therapy
High fever, affected general condition, peritonitis, or

sepsis

Complications
Emergency surgery

Recurrence
Length of hospital stay

Abdominal pain
Bowel habit

Daniels et al.[11] Amoxicillin-clavulanic acid or
ciprofloxacin+metronidazole if allergy for 10 days

(2 days of intravenous inpatient treatment)

No antibiotic
group

Left-sided uncomplicated AD according
to the modified Hinchey Ambrosetti

classification (Ia–Ib)
Informed consent given by the patient

Previous episode of diverticulitis
Proven or suspicion of colonic cancer

Inflammatory bowel disease
Modified Hinchey stages 2–4

Other disease with expected survival < 6 months
Contraindication to use of the study medication

Pregnant, breastfeeding
ASA> III

Immunocompromised
Clinical suspicion of bacteremia

Inability to read/understand and fill in questionnaires
Antibiotic use in the 4 weeks before inclusion

Time to recovery Days spent outside hospital in
the 6-month period
Readmission rate

Occurrence of complicated
Diverticulitis

Ongoing diverticulitis
AD recurrence, Need for sigmoid
resection or other (non) surgical

intervention within 6 and
12 months of follow-up
Serious adverse events

Side-effects of initial antibiotic
treatment

All-cause mortality
Jaung et al.[12] Intravenous cefuroxime 750 mg

and oral metronidazole 400 mg and oral
amoxicillin/clavulanic acid 625 mg, or placebo

No Noncomplicate AD
Informed consent given by the patient

If they met 2 of these criteria upon presentation to
the hospital: temperature <36°C or > 38°C, HR
> 90 bpm, RR > 20 rpm or PaCO2 <32 mmHg,

WBC count <4 or > 12 109/l
Unable to give consent or answer symptom-related

questions
Previous drug reactions to the antibiotics used in the

study
Lactose allergy

Used steroids for > 5 days before presentation
Immunomodulators or biologics

NSAIDs for greater than a week before presentation
> 1 dose of intravenous or > 2 doses of oral

antibiotics during this illness but before enrollment
in the study
Pregnant
ASA> 4

CT evidence of complicated AD

Length of hospital
admission (h)

Participant dropout or
withdrawal rate

Occurrence of adverse events
Readmission within 1 week and

30 days
Procedural intervention

Change in serum markers of
inflammation

Patient-reported pain score at 12
and 24 h

Mora-López
et al.[13]

ATB group: 875/125 mg/8 h amoxicillin/clavulanic
acid and symptomatic treatment
Non-ATB group: antiinflammatory

and symptomatic treatment
Clinical controls were performed at 2, 7, 30,

and 90 days

If good
symptomatic

control

18–80 years
Modified Neff 0 AD on abdominal CT scan

No AD episode in the last 3 mo
No antibiotic treatment in the last 2 weeks

No significant comorbidities
Immunocompetence Patient’s written

Pregnancy or breastfeeding,
< 18 years or > 80 years,

Allergy to any of the study drugs
Modified Neff ≥ I AD

AD episode in the last 3 months
Inflammatory bowel disease

Hospital admission Number of ED revisits,
Pain control

Emergency surgery
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intervention during follow-up, rates of change of strategy and
length of hospital stay.

Disagreements over data extraction were resolved by con-
sensus between the two authors and by a discussion with two
other authors (M.D.M. and J.G.S.) in the absence of consensus.

Outcome variable definition

Primary outcomes:
• Readmission was defined depending on the initial regime

offered to the patients. For the patients admitted to the
hospital, a new admission to the hospital after discharge
was considered as readmission. For the patients treated with
the outpatient regime, any new visits to the emergency
department were considered as readmission.

• Change in strategy was defined as any deviation from the
initially designed management: initiation of antimicrobial
treatment in the case of previous management without
antibiotherapy; the necessity of surgery or percutaneous
drainage or the necessity of hospitalization in the case of
outpatient management.
Secondary outcomes:

• Emergency surgery was defined for patients that needed
emergency surgery or percutaneous drainage.

• Worsening was defined in terms of the number of patients
whose episode progressed from a noncomplicated episode to
an abscess, fistula, or perforation.
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Figure 2. Cochrane risk-of-bias 2 assessment of randomised controlled trials
included in the meta-analysi.
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• Persistent diverticulitis was defined as the rate of patients that
had persistent symptoms during the first month of follow-up.

Evaluation of studies and statistical analysis

Two researchers (A.C.B. and C.C.S.) independently evaluated the
included studies for quality assessment according to the Cochrane
Handbook for Systematic Reviews of Interventions[17]. The data
were analyzed using the RevMan statistical software Version 5.4
and presented as medians and proportions along with a corre-
sponding minimum–maximum range. To estimate proportions,
we used the odds ratios (ORs) with their respective 95%CIs with
a random effects model to take into account the heterogeneity of
the estimates. Differences in dichotomous variables were calcu-
lated using standardized mean differences with 95% CIs. Values
were considered statistically significant when P was less than
0.05. The overlapping of CIs was used to visually assess the
heterogeneity. Heterogeneity was statistically explored with
the chi-square test with significance set to a P-value of 0.10. The
quantity of heterogeneity was measured with the I2 statistic.

Results

The literature search yielded 1163 studies. After removing
duplicate records and screening titles and abstracts, 18 articles
that satisfied the selection criteria were selected. An additional
search through the references of the included studies did not yield
any studies suitable for further inclusion. A total of 12 papers
were excluded due to those studies not being RCTs. Among the
six remaining RCTs, two[8,9] were excluded because their studied
populations were the same as those of two other included
studies[10,11], while they had different outcomes that were not
related to the present study (e.g. long-term quality of life). Four
papers[10–13] were ultimately included in the analysis (Fig. 1).

Study characteristics

Four trials with a total of 1809 patients were included in this
study. A total of 907 patients were treated without antibiotics,
whereas 902 patients were treated with antibiotics. The number
of patients included from each study ranged from 180 to 623. The
mean or median age ranged from 57 to 58 years, the proportion
of females from 49 to 64%, and the follow-up period from 1 to
12 months. All trials involved a short-term or medium-term fol-
low-up. Patient characteristics and inclusion and exclusion cri-
teria for each study are shown in Tables 1 and 2.

Quality assessment

The results of the quality assessments of the four included studies
are summarized in Figure 2. The Jaung and colleagues’ trial was
the only one at low risk of bias in all domains, such as sequence
generation, allocation concealment, blinding, incomplete out-
come data, and selective outcome reporting. It was the only trial
with a double-blinded design. The other three studies (10, 11, and
13) were at a high and unclear risk of bias from lack of blinding
and lack of information on randomization and allocation
methods.

Primary outcomes

Readmission

In the analysis of readmission rates (Fig. 3), a total of 112 events
(9% of patients) were recorded from three trials[11–13] (1186
participants). No difference was found between the readmission
rates in the nonantibiotic group (64/589; 10.7%) and the control
group (48/588; 8.1%) (OR=1.39, 95% CI: 0.93–2.06,
P= 0.11).

Change in strategy

Four trials[10–13] (1809 participants) reported on the change in
strategy (Fig. 4) yielding a total of 112 events (4.1% of

Figure 3. Readmission.

Figure 4. Change in strategy.
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participants). A comparison of the change in strategy between the
nonantibiotic group (37/907 patients; 4.1%) and the control
group (37/902 patients; 4.1%) did not show any differences
between the two groups (OR= 1.03, 95% CI: 0.5–2.02,
P= 0.94).

Secondary outcomes

Emergency surgery

Rates of emergency surgery were analyzed in four trials[10–13]

(1809 participants) with 11 events in total (0.6% of participants).
In the nonantibiotic group, three of 907 patients (0.03%) needed
emergency surgery, whereas, in the antibiotics group, eight of 902
patients (0.08%) needed emergency surgery. This difference was
neither statistically nor clinically significant (OR= 0.43, 95%CI:
0.12–1.53, P=0.19) (Fig. 5).

Worsening

The analysis of the rates of clinical or radiological worsening
included cases from four trials[10–13] (1809 participants) with 43
events in total (2.3%). The cases of worsening comprised 21 of
907 (2.3%) patients in the nonantibiotic group and 22 of 902
(2.4%) patients in the control group (OR=0.91, 95% CI:
0.48–1.73, P=0.78) (Fig. 6).

Persistent diverticulitis

Two trials[11,12] (706 participants) reported cases of persistent
diverticulitis with 30 events in total (4.2% of participants pre-
sented persistent diverticulitis). A comparison of the number of
patients with persistent diverticulitis in the nonantibiotic group
(18/356 patients: 5.0%) with those in the control group (22/902
patients: 3.4%) did not show any differences between the two
groups (OR=1.54, 95% CI: 0.73–3.26, P= 0.26) (Fig. 7).

Discussion

This meta-analysis conducted with 1809 patients is the first to
exclusively include studies with the highest level of evidence
(Level 1A of evidence according to the Oxford Centre for
Evidence-Based Medicine[19]), including four RCTs[10–13] that
describe the short-term outcomes of AUD patients treated con-
servatively with and without antibiotics. The comparison
between nonantibiotic treatments and traditional treatments did
not show any clinically relevant or statistically significant differ-
ences in short-term outcomes. The results obtained with our
methodology are consistent with those of previous systematic
reviews[20–22], despite the latter being based on studies with an
inferior level of evidence[23,24]. These results show the safety and
effectiveness of the therapeutic strategy approved and supported
by diverse scientific societies[14,15].

It is remarkable that only two RCT[12,13] have been published
after the inclusion of such recommendations at guidelines. The
other two[10,11], were published before thanks to the broad-
casting of several observational studies that defended the safety of
the treatment without antibiotherapy of AUD[7].

The methodological differences among the studies are quite
remarkable. There exist significant differences in the primary
outcome of the studies, in-hospital versus outpatient management
as well as prominently different antibiotic schemes among dif-
ferent trials. Such heterogeneity results in various distinguishable
characteristics of the analysis, such as the huge differences among
sample size calculations (180[12] vs. 623[10]).

The variability of the antibiotics used for AUD is notable.
Broad-spectrum antibiotics such as meropenem or piperacillin/
tazobactam are used in cases of AUD despite clinical guidelines
tending to avoid recommendations of such antibiotics for patients
without risk factors and mild intra-abdominal infections[25].
Nevertheless, nonantibiotic therapy seemed to be not inferior to
broad-spectrum antibiotic regimes, and no detrimental effect was

Figure 5. Emergency surgery.

Figure 6. Worsening.
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found in all the variables analyzed in those studies, what is the
really relevant issue that is being studied in this systematic review
and meta-analysis. Such aggressive policies may entail an
increased risk of the development of multiresistance in the
implicated flora that can be precisely targeted by the avoidance of
the systematic use of antibiotherapy.

It is important to remark that not all the studies use the same
nonantibiotic therapy and, in some cases[13], NSAIDs is the
alternative to antibiotics, while in others, the regime is based in
placebo[12] or fluids intravenously[10]. This heterogeneity should
be evaluated in further research to answer the question of what is
the best alternative to antibiotics.

Few differences have been observed in relation to inclusion and
exclusion criteria and the most relevant ones are related to the
first RCT published[10]. The latest RCTs are more homogeneous
at this point, with subtle differences in terms of radiological
classification and clinical response to the inflammatory syn-
drome, but all of them include low-risk patients with AUD and
without signs of clinical severity, nor radiological signs of com-
plicated diverticulitis.

Despite the most recent evidence-based studies[26,27] recom-
mending outpatient management for patients with AUD, only
two RCTs complied with these conditions, one being a two-
armed RCT and the other involving only the group without
antibiotic therapy. This is intriguing considering the extensive
literature published in favor of outpatient regimes. Therefore, one
of the most important primary outcomes in this setting, the need
for readmission due to treatment failure, is obviously biased.
However, it has been replaced with other variables like the need
of readmission or progression of the degree of diverticulitis.

As an example, to palliate possible bias when analyzing read-
mission rate, the study by Mora López et al.[13] considered the
patients with repeated visits to the emergency department as read-
missions despite them not being admitted to the hospital, while the
rest of the studies consider only the patients visiting the emergency
department or those admitted again after discharge as readmissions.

Despite the analyzed studies presenting great variability
regarding the methodology used, all of them have in common the
careful selection of patients and some strict criteria for the
patients to be included in the clinical trials. In the four RCTs,
immunocompromised patients, elderly patients, and those who
present severity in terms of clinical signs or data from laboratory
tests are excluded. Therefore, the sample for this study can be
considered homogenous.

It is important to highlight the low rates of hospital read-
mission (5.3 and 7.1%) obtained for both groups, which is
consistent with outpatient management generally being recom-
mended in cases of AUD. In addition to this, the rates of patients
requiring a change of therapeutic strategy are very low (4.1% in

both groups) despite the criteria to define it not being sufficiently
homogenous among the studies.

These results, together with the low percentage of patients that
required emergency surgery or experienced a worsening in their
radiological staging of the disease, endorse nonantibiotic regimes
as effective and reliable treatments in selected AUD patients.
Therefore, as supported by the most recent treatment guidelines
for acute diverticulitis, therapeutic protocol without antibiotics
should be the first option in cases of AUD patients that meet the
established criteria.

In summary, the results obtained from this meta-analysis
support previous findings and add new relevant evidence that
endorses the use of therapeutic protocol without antibiotics in
cases of AUD since the results from the Mora-López et al.’s[13]

study are included, which were not previously evaluated.
The limitations of this meta-analysis include the large varia-

bility in the methodologies used, which is reflected in the different
antibiotherapy regimens, hospital admission criteria, or follow-
up time, which can potentially alter the results of the analysis.

The existing evidence cannot be regarded as irrefutable, and
therefore, the need for further research in this area is still
justified[28]. It is hence necessary to globally engage in discussions
regarding the means guide to try to establish homogeneous cri-
teria in terms of outpatient management and what is the best
regime of treatment without antibiotherapy.

Considering the results of this meta-analysis, further research is
warranted to clarify some unsolved questions such as the best
alternative treatment to antibiotics in strictly selected patients for
these regimes, potential benefits of the antibiotics-free scheme in
those groups of patients that did not fulfill inclusion criteria in pre-
vious trials and even the benefit in patients with chronic diverticulitis.

Conclusions

This study shows that, in a highly selected subgroup of patients
with AUD, nonantibiotic treatment is effective and safe. When
analyzing the following outcome variables, readmission rates,
need for emergency surgery, change of treatment strategy, clinical
or radiological worsening or persistence of acute diverticulitis,
comparing between conventional treatment regimens and non-
antibiotic ones, no statistically significant differences were found.
To the best of our knowledge, this is the only meta-analysis that
encompasses the largest number of RCTs published to date and
provides compelling evidence to justify further progress in this
field. Further well-designed multicentre RCTs, incorporating
more current antibiotic combinations for the management of
these patients in the control group, more precisely defined treat-
ment strategies in the experimental group, as well as incorpor-
ating outpatient management, are still needed to irrefutably

Figure 7. Persistent diverticulitis.
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confirm the efficacy and safety of nonantibiotic treatment for
these selected groups of AUD patients. Research in other patients´
groups not included in these studies is still pending.
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